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I. DEFINITION OF THE PRECISE MAIN OBJECTIVE FOR HCMM DATA USE 
ll. Interest of regional ET 

Potential ET, which may be considered as a climatic paraniotor, may be 
estimated within a 10 % accuracy limit at the scale of meteorological network. 

On the contrary, actual ET is generally unknown, except for very 
large areas and long-time scales (by derivation of hydrological budgets) or 
some ponctual basins or fields where specific instrumentation is used. 

Yet, the knowledge of actual ET at a regional scale (e,g for 10 to 
10** km2, depending upon the homogeneity of concerned surfaces) would be of 
great interest for either climatological (effect on evaporation on local 
climate), hydrological (significance of evaporation as a major component of 
water balance) or agronomic (effect of water availability on final yields 
as expressed by the ET/PET index) purposes. 


12. Specific features of remote sensing data for regional ET 

Large area global ET may be approached by various methods (atmospheric 
water vapour budget, planetary boundary layer equations for determination of 
atmospheric fluxes, use of relationships between regional evaporation and 
local measured potential evaporation,.,,,). 

But these methods 

1) do not give precise informations about space repartition of evaporation 
since they directly derive the global large-scale value 

2) by all ways are still research studies and cannot bo thouglit to be 
operatiue within some years. 
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Which appears the most useful procedure for the various climatological 
hydrolc|;ical and agronomic purposes consist^ in determining 6nall*>scale homogeneous 
surfaces local CT then calculating global regional ET for the whole studied 

surface S as 

ET s 1 E eT^ X 


CT£ and Si being the evaporation and surfaces of the contributing homogeneous 
small ccaie elements. 


That approach may be performed by using water balance models » based 
on a regional value of PET and small-scale mapping of both* main type of vege- 
tative sever and soil water storage capacity. The corresponding procedure is 
however by far less attractive and promising than the use of remote sensing 
data* v>.'.'.se time and space scales are well adapted to the above defined 
requirersnts. 


13. HCKM data use for estimates of regional ET in Southeastern France 

* * As remote sensing use for estimating ET corresponds, at the present 
time, to a research study stage and not to an operational one, it was considered 
that objectives had to be limited to a reduced well-defined subject 

a) in order to avoid complex problems of topography, only flat land will be 
first concerned, which concentrates the interest in the lower Rhone valley 
area. 

b) as tall vegetative canopies (like wheat, com...) or incomplete covering 
cultures (like fruit trees, vines...) arise specific problems for the 
definition and significance of infrared temperatures, it was decided to 
start work with the most simple model of short grass whose energy budget 
has been studied from some years in Avignon. 

c) high contrasts concerning water availability seem to ensure greater working 
posnibilites for that research by giving larger variation ranges of measured 
par«"9ters. 


These three considerations led to the decision of concentrate mean 
study ir.'.ercst, at least in a first stage, on a limited surface corresponding 
to the "Crau" plain on the east of Rhone delta. 

It is a flat land, of about 50 km x 50 km, with a typical dryland 
grass az natural vegetative cover and large well-watered irrigated parcels 
in some places. 


Before starting 1978 experiment in that region, preliminary studies 
were perf'-nned during 1977 summer on the experiment field in Avignon-Montfavet 
(whiv.h located some 30 km north of the Crau plain). 
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II. MAIN RESULTS OF 1977 EXPERIMENT IN AVIGNON-MONTFAVET 

21. Description of experiment and used technical apparatus 

That experiment was defined >rder to prealably test the feasibility 
of various methods for using future ^'C..M data. 

It was performed on the experiment field situated near the 
"Station de Bioclimatologie" whose dimensions are about 70 m x 200 m. 

The field is planted with grass kept short (about S cm) like required 
for measurement of potential evaporation. * 

It was divided into two equal parts, the north parcel being irrigated 
while the south was kept dry (Fig. 1). 
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Fig. 1. Sketch of experiment field for 1977 summer 



On the north part, global (Rg), reflected (aRg) iind atmospheric 
long-wavo radiation (Ra) are standarly measured together with wind velocity (u) 
at 2 m high. 


At the center of each parcel were set up the following measurements 

- net radiation Rn (differential pyrradiometer CCA-INRA) 

* soil heat flux S (heat plate Thomthwaite and Co) 

- Bowen ratio 3 (dry and wet bulb thermometers at 0.30 and 2.00 m) 
** surface temperature (infrared thermometer - Heimann KT 24). 

a 

These measurements were continuously recorded with a 1 min scanning 
interval on a data system integrating hourly mean values from 15 July to 
20 September. At the present timet only the IS July-31 August period has 
been analyzed, so that presented results will be limited to it. 


! 

f 

That could be verified on fig. 2, where are reported, together with | * 

registered rainfall, daily values of the CTg/Ep ratio corresponding to [ I 

Effective ET/Potentidl ET index. [ j 

• ^ < 

ET0 corresponds to daily values of evaporation as measured by the 
Bowen ratio*^method on a hourly basis. 

Ep corresponds to daily values of potential evaporation as calculated 
by Penman formula for a grass surface (with the wind function f(u) s 0.26(1.0t0.54u) 
also on a hourly basis. (It could be added to that figure that the last 
rainfall before reported 20 July occured on June 19 with 17 mm and June 28 
with 14 mm). 



22. Results of measured evaporation by Bowen ratio method 
• • * ' 

Before discussing results concerning infrared thermometry, it seems 
useful to first indicate that 1977 summer was somewhat rainy, in contrast to 
usual mediterranean climate weather. So that the expected contrast between 
“dry” and “wet” halves of the experiment field was very limited and in fact 
inexistent (except may be for September which has not been analyzed at the 
present time). 



1977 JULY AUGUST 


rig. 2 . Variation of daily ETg/Ep values during IS July-31 August 
period together with measured rainfall for the same period 

It then appears that ET$/Ep ratio was grossly maintained between 0.8 
and 1.1 for the two parcels, so that no clear available water restriction occured, 
even for the "dry" parcel. 

The only clear difference was encountered for net radiation measurements, 
since daytime Rn was systematically lower on the south side by about 10 to IS %, 
leading to a similar reduction for calculated Ep values. That could be attributed 
to a systematic error in Rn measurement, but previous experiments with the 
two differential pyrradiometers close together during 3 days displayed only 
2 % to 3 % deviation. It then seems that the observed reduction may be consi- 
dered as si jiP.if leant. Since measured sux^face temperatures were net cii’iii f icantly 
different, the explanation lies in an increase of albedo for the south side. 

It is sui’o that grass was visually whiter on south, which may be attrilnuod to 
drier conditions during winter and spring. Computations of albedo, u:;inp, 
measured kn aiid To on south side together with Rg and Ra on the north I '-t t i »-nce 
field, grivu typi’r.il values of the ox'dor of 0.25 - 0.27 compared to :;i iiid .id 
valuer, ol O.l'J-0.20 for tht north side. So tliat tlte increase ot all., it. with 
drying conditions lor grass appears as a significant term accounting lor 
about 10 % (or more for drier conditions) in net radiation. 


s § I 


29* Thttmal inertia approach 


The thennal inertia approach* for which HCMM has boon originally planned, 
has boaii analyKod by considering differential values of Ts between hourly mean 
values for 0>] hr TU and 12-13 hr periods (which grossly corrospdnds to 
1,90 hr a.M and p.m in solar time), 

Zt may be observed that, in spite of the limited range of variation 
of water availability conditions (and then of soil moisture content), the day- 
night tempereaturo difference exhibits large variations* As it could be expected 
from energy budget considerations, these variations are linked, to the first 
Oder, to variations of solar (or net) radiation, as shown by the fig. 3. 

The wind velocity appears as a second order parameter being able to widely reduce AT. 
in smne circumstances (lh-21-22 July - 10-27 August). 



Fig. 3. Evolution of the day-night temperature difference ATg 
together with global radiation and wind velocity 


The strong influsnes of radiation upon dfs may bs displayed by 
considering the relation between the two parameters (Fig* 4). 


ATt 



Fig. 4. Relationship between dT, and global radiation for 
the north side 

It then appears that, in spite of the well known effect of soil 
moisture on solar radiation and wind velocity will so much damp it, 
especially for only every 8 days data, that dT^ can hardly be used to detect 
water availability, in opposition to the findings of REGINATO and al 
(1976) for bare soil. That statement would be less firm for continuous 
dally data, since a long-term trend might be expected to appear in 
relation to soil moisture evolution, but we consider it as well established 
for weekly spaced data. 

24. Differential thermography approach 

Due to the expected 1 to 2<* at least incertitude about absolute 
temperature values which will be given by the satellite (problems of 
atmospheric corrections), we indicated during previous meetings that 
we should try to use a differential approach. It is based on the 
relationship between water vapour flux difference and corresponding, 
surface temperature difference between similar surfaces only differing 
by water regime. 



If ooil h«at fluxas and albado ehanga art ntglaettd» the si^lt 
eoBftariaen of tntrgy budgtta for tha .two aurfaeaa laada to tha following 
aquations 

U-a) Rg ♦ Ra - oUi s ETj ♦ pCph (Tai-Ta) 

(l~a) Rg ♦ Rg “ oT ®2 “ ^2- pCph (Ts 2 “^a) 

So that it could ba written, aa atatad by ITICR and PERRIER (1974) 
ETi - ETj * (4 oT® +pCph) (T*i - Tap) 

a 

If tha evaporation of a referanca ato^face (for instance, but not 
necessary, potential evaporation for a large irrigated surface) is known, 
deviations of effective evaporation dET could be calculated by a simple 
linear relationship with corresponding dTg. 

It was planned to test that approach during 1977 experiment by 
tha coi^arison between "dry” and "wet" parcels, but that study could 

not ba achieved as explained above. 

• ’• ^ * 

So that we will be obliged to test it directly during HCNM 
at^riment, keeping in mind that the hypothesis of negligible influence 
of albedo change may lead to 10 % or more error upon net radiation and 
then evaporation rates. 


2S. Combined aerodynamic ener^*balance approach 


That approach, used by BROWN and ROSENBERG (1972) and STONE and 
HORTON (1974) simply consists in calculating the sensible heat flux H 
by the aerodynamic equation relating flux to temperature difference 
Tg “ Tn, then deriving the latent heat flux ET from the energy budget. 


H s p Cp h (T,-T*) or 
BT s R„ - S - H 


H s p Cp 

**a 


(The last equation corresponds to the general case, but signs may bo 
changed for advective conditions or for short periods when net radiation 
is changing of sign on morning and evening). 


The two critical points for that method are 


1) as Tg and Tg are measured by different physical processes, systematic 
errors of about 1 to 2® may be encountered for the difference Tg-Tg 

2) the determination of heat exchange coefficient h is not an easy one, 
due to the determination of roughness parameter Zq and to stability 
corrections. 


So that wo considered it with some scepticism. In fact, 

1977 experiment was encouraging for that approacli using infrared 
thermometer;: for determining Tg (the use of satellite vaiuon may he less 
satisfactory for that point). 


h d«t«mined using U2ini MBwwing • •tandard valua of 0.5 cm 
for So taking tha saino stability corrections as adopted by SOER (1977) 
by tho following procedure : 


h is first calculated by assuming neutrality! so that 

. - k2 u 

- 7; — 

( 10 * -) 

A "neutral” value for H is then derived* Hg = pCp hg(Tj.-Tg) .j.^ 3 

from which is calculated a first-order Monin-Obukhov length L = kg 

h is then recalculated by using stability corrections as follown 



- if T« > T. 


(lo^- “PiHlog^ -P2’) 


with 8 2 log t log - 2 Arc tg X ♦ I 

P 2 » 2 log (-^) 

X 8 (1 . 16 

if 


- if T* < T, 


^iog|- ♦ 4.7 y 


The iterative procedure is pursued until difference between two successive 
H values goes lower than 2 %. 

He said that results were encouraging since the agreement 
between Bowen ratio method (which may be considered as tho standard 
reference) and ET values by that approach was good* as well for hourly 
values as for daily values. It has to be noted, however, that use of 
the Tg method generally gives midday values of ET significantly smaller than 
Bowen ratio method by about 20 %, then corresponding to an equivalent 
overestimation of H. That could be due to a systematic error in 
Tg measurement (too high) or in the determination of ra (too low). 


That may ba varlfied from tha listed values reported in the 
annex tables XI and III and considering fig. S for a typical day 
and fig. 6-7 suiming up 12-13 hr and daily values. 
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rig. $. Hourly values of potential evoporation (Penman formula) 
and effective evaporation by Bowen ratio and T. methods 
for a typical elearday (9/8/77) 
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Fig* 6. lUlAtion b«tw««n hourly volutt (12>13 hr TU ticM) 
of ET^ and during 1977 tunoor OKporimont 





rig. 7. Fftlation between integrated dally v.iluf'- of ET. 
and during 1977 yummer cxjv.pl™-ni 



2.6. Applle«tton to tho indiroet dotoroination of ourfaco humidity 

Whan potontial ovapotranupirution aa dafinoci PCHIIAN occuru. 
th« aurfacQ la aupposed to bo eaiuratod ao th^i tho nurfaea watet* 
vapour presauro Os corroaponda to t 

* C (T.) 

Thlit is hardly oncountorod in nature, oven for well~w«itt;r>od cultiir**.''. 
(reKRIUR 1975) and. by all ways, when water la restricted, so rh.it appear 
a surface saturation deficit K (Ts) “ Og ard a surface relative 
humidity lirg smaller than 1. 

One or the other of these parameters, which am linked by tSw 
relation 


E(Tg) - Sg s E(Tg) Hp«_7, 

is essential for fixing the rate of actual CT. as siioim by TAHh’uP. ^.nd I'UCHH 
«.(1958) fur tho extension of the Penman ermibinatien otneopt for n<;m 
saturated surfaces and by VAN BAVIX and HlbUr.b (107fi) m>U KOSUVl (1977) 
in simulating evaporation fnmi bore soil. 

‘Dus to the 9 ?.*asi ii^ssibility to measure it directly in tlio 
present stage of experimental mettoda. surface humidity Hrg is i*cmtvany 
unknown and very few experimental data iias baen presented considering it. 

Xt is howtvsr possibls to dsrivs it indirectly from the last 
paragraph results, since CT cen be written 

ET ■ p ^ h or ET * P Cp ^ 

So that Sg mey be aatimatod from tho measurMont of ee and tlie derivation 
of ET the exposed method, and Hrg calculated ee ee . 

mj) 

(N>tained values of and E(Tg) • Sg sre presented end coe^ntd to 
the corresponding air values on the follwiing figuses 8-9 for hourly 
data on e typical day and 10>11 for midday values <12. 00-13. (X) hr) duri:.g 
the wltole experiment campaign. 
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rig. t. Hourly valuou of dorivod Hr^ and Mosurod Hra (at 3 m high) 
for • typical c!aar day 








The following coimnents may be formulated concerning surface 
.relative humidity and surface saturation deficit 


J for the diuroal^eourse (fig. 8-9), Kr^ tends to follow the course 
of Hr^ with a more contrasted evolution between night values (practically 
always 1.00 indicating saturation) and midday values close to Hr^^ 

(higher and sometimes close to 1.00 in *'humid*' periods - slightly smaller 
on "dry” periods) (fig. 10). Due to the general excess of Tg compared 
to Ta, Edg) - eg is generally higher than E(Ta) - eg (fig. ? and 11), 
except after rain or irrigation (fig. 12). 





Fig. 12. Evolution of the difference /_ E(Ts)-es__/ - £ E(Ta)-ea_/ 

for midday values (12.00 - iT.OO hr) together with rain and 
irrigation data 
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1^‘ validity of Hrg and E<T,)-«0 dorivad values is evidently 
depending upon the validity of the estltnation of CT by the method 
exposed in 2.5. As we have noted some persistent underestimation of 
Iddday values of CT et^qpaz^d to the reference Bowen ratio method, it could 
be ttought that Hr^ is slightly underestimated and C<Ts)-es conversely 
slightly overestimated, but given values may be considered with some' 
eonfidei^e (say within a limit of 10 %} as indicative for those parameters 
for which few oxperlMnt data are available. 

%■ 

By the same way, it i^uld also be possible to derive indirect 
values for the stomatal resistance rs of the considered grass canopy, since 
CT may also be written as 


CT s cp — £iIs2r.M 

^ yj ra ♦ rs 
then giving the following t'elationship 


ra . E(Ts) - es 
ra “ eg - ea 

When applied to days for which EH* estimation by using Tg method 
closely follows the reference Bowen ratio ET value (for instance 10.8 - 
19.8 - 23.8), in order to avoid errors due to the inadquacy of Tj. method, 
Tg values so obtained for midday conditions range from about *i0 s.m~l 
after rain to about 70-100 s.m"i in ’’dryer” stages. These values arc just 
given as tentative in order to illustrate the possibilities of that 
method which has to be cozn?ectly tested. 


2.7. Test of the simplified 


JAiHoN 


et al (1977) procedure 


Two major points arise when the systematic use of paragraph 2.5. 
procedure is to be used. 

- the significance of Tg when applied to tall canopies 

- the tedious procedure needed to estimate the exchange coefficient h or 
the atmospheric resistance rg. 

The first appeals specific studies for coming years, while the 
second would justify the use of a simplified procedure if possible to 
establish a precise enough one. 

That is the purpose of the method proposed by JACKSON et al (1977) 
in their study concerning wheat and the feasibility of determining its 
water requirements from canopy temperature. 


mm 


Starting from the observation that» in their conditions, it was 
not possible to detect a si^eific dependanco of h against u, they try 
to convert the Mindi factor (otherwise h or r^) into a constant. 

Horeover, they propose to pass directly to daily values of CT by 
using pnly daily Rn ande one-tiine-of-day measurement of Tc -* Ta by 
the following simple relationship 

ET s R„ - B (Ts - T^) 

That is an interesting procedure, since 

1) the complex calculation of ra is avoided • 

2) results for CT are gained directly on a daily basis, which is the 
interesting scale time for water use studies. 

Its character of simplicity is really appealing, but it is 
necessary to verify its applicability to conditions other than those for 
which it was established (i.e. wheat in the climate of Arizona). 

In fact, four questions can be asked a^ut it when applied to 
**our data (i.e short grass in the climate of Avignon) 

a) is h really independent of u ? 

b) is it justified to use the energy balance on a daily time scale 
combined with a ona-time-of-day estimation of the sensible heat flux H 7 

c) is it possible to derive a B constant in the same manner as JACKSON 

and al ? . 

d) and, if so, is it close to the numerical value they obtained or vex^y 
different from it ? 

The answer to tttc first question a) appears in fig. 13, where 
f(u) derived fz^m ET values measured by Bowen-ratio method is plotted 
against u for 12>13.00 hr period of each day. In spite of a large 
scattering, it seems to appear a marked tendency for f(u) to increase 
with u when it exceeds 2 m.sec"^. Even if the expression derived from 
logarithmic profiles f(u) s 4.4 x 10~^ u and moreover corrected values 
for stability effects do not give a quite good approximation of exact f(u) 
(they tend to overestimate it, especially with corrections of unstability, 
which explain the corresponding underestimation of ET by the Ts method), 
it seems hax'dly possible to take f(u) as a constant, at least in our 
conditions. 
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Fig. 13. Values of f(u) derived from hourly measured valuer, of 

energy budget and Ts • Ta (12.00-13.00 hr) plotted agains u (.), 
together with estimated values as calculated in par. 2.5 (>:) 


The answer to questions b) c) d) arise from fig. 1<4. where daily 
values of ET - Rn and £T alone are plotted agains Ts - Ta for the 
12.00-13.00 hr period, which is exactly the same presentation as in 
JACKSON cr al. paper. 
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rig. I'l. D.iily IT-Rn and TT .is a function of The in.irk«<l lino 

corrou’ 'luis to the data of JACKSON ot .il (lO'/V) 





It first appears (question b) that the mixing of time scales 
between daily values for ET and Rt^ and hourly values for T 3 - Ta docs 
not create serious pr*oblcms since the observed scattering is not too 
large. That seems to indicate that climatic conditions are stable enough 
during the diurnal cycle for summer conditions in Avignon as in Phoenix 
to ensure midday conditions being representative of the whole day. 

The reduced scattering already noted also implies a positive 
answer to the third question c) : yes, it is possible to derive a 
constant B, which is different for ET - Rn or ET alone (of the order 
of 0.005 and - 0.05 respectively, with the same units as in JACKGOIl ct al. 
study). . 

But these values (answer to question d) are completely different 
from the 0.06^ value given by JACKSON et al., v/hich is not really 
surprising a:5 noted by them in stating that '’evaluation of D for other 
locations would require local calibration". 

That seems to be due both to the local climate and the cx'‘op 
considered. 

♦ 

• . f . 

The fact that the slope in fig* l*^a is by far smaller than in 
JACKSON et al. work is qu^te logical since grass is smoother than wheat 
(especially for email plots of the Phoenix test presumably leading to 
some local advection systems). 

The opposition in climate between Phoenix and Avignon (especially 
for that wet summer in the second place) is also clearly established in 
the two figures where the range of variation of Ts - Ta extends only 
between 0 and + 8 ® while it occurs between - 6 and + 2® in Phoenix. 

Thus, advective conditions (ET > Rn) are predominant in the case of 
Phoenix and not in Avignon, which could also explained by the small 
dimensions of wheat plots in Phoenix experiment. 

That opposition between the two local climates is also responsible 
of the complete difference of the relationship form between ET and 
Ts - Ts (fig. 14 b) for the two places. The slope is negative in Phoenix, 
which could be interpreted as resulting from a fairly constant 
climatic system (for both Rn and regional advective conditions). So that 
the main source of variation arises from water availability from wheat, 
leading to smaller values of ET when Tg is high. 

On the contrary, in Avignon, water supply was not severely 
restricted, so that in fact high values of Ts - Ta tend to indicate 
clear summer days with high radiation and then high evaporation. 


I 





As it was posslblo to predict, the use of JACKSON ct al approach, 
while feasible for a fjiven location and culture, is highly dependent 
upon the kind of culture, the field dimensions (because of its advect.We 
implications) and the local climate not only in space but also in time. 
It may be thought that results would have been very different in 
Avignon with a usual dry summer leading to more pronounced advcctive 
conditions (PUT for may-august period amounted to 5G0 lam only compared 
to a 10 year mean value of 670 mm). 

So that it seems hardly possible to use it in the frame of 
Tellus project with only sparse measurements of Tg - Ta, wliicli is in 
fact the same statement as for day-night temperature differences 
related to thermal inertia (par. 23). * 


I 




III. FINAL ARRANGEMENT FOR TELLUS PROJECT 


31. Location of field experiments 

As justified above, 1970 experiment will be concentrated on 
the Crau plain by considering irrigated pastures and natural dryland grass 
surfaces. These are widely represented in Crau, as shown by rig. 15. 



Bllllllllliilll Dryland grass 


* Energy balance measurements 


Fig. II). Map of the "Crau" plain with iiidi cnlion of 
irrigated pastures and natural dry grass 


Two sites have been selected 

• one in a largo pasture irrigated area (about 200 ha) 

•* the other in a dry lucerne culture (about 30 ha) 
surrounded by large dry surfaces (100 km^). 


32. Planned measurements 

In each site, will be taken the following measurements 

- Rg 


- S 

- u at 2 m 

“ Bowen ratio at 0,30 and 2.00 m (dry and wet-bulb temp.) 

- soil tern, at 0.10 m and 0.50 m depth. 

In addition, soil moisture will be followed (if possible) by 
■neutron probes in the dry site. 

These data will be registered on "Schlnmbcrgcr" automatic 
recording systems and treated in Montfavet. That apparatus will bo 
available by a financial grant from French DGRST, by the way of a 
research contract on the general theme of "Water management in 
mediterranean region". For that contract, our laboratory is associated 
to "Ccole des Mines - Laboratoire d'Hydrogcologie Halhematiquo de 
Fontainebleau" and "L'cole des Mines - Laboratoire do Tuledeteot ion ot 
d'Analyse des Milieux Naturels de Valbonne". These laboratories will 
develop a parcllel research, either by hydrologic model studies or by 
remote sensing data analysis (especially treatment of daily data 
received by NOAA satellites, which could complete HCMM informations). 


33. Data treatment 

From HCMM data when available will bo calculated spatial 
variations of ET instantaneous values both by differential thermography 
and combined aerodynamic energy balance approaches by the following 
manner 

- since ETj^ and ET^,gt are measured, the coefficient a as defined by 

AET = a \ATg) will be determined and compared to (4oT^ + pCp h). 
Intermediate values between the two sites will be linearly extrapolated 

- Tg values will be used to calculate ET-pg, by assuming a constant Uq, 
u and Ta value for the whole land. Rn will be modulated using albedo 
and Ts values derived from HCMM data as follows 

4 

Rni = (1-ai) Rg t Ra - oTsi 
assuming a constant regional value for Rg and^Ra. 

Obtained ETj values will be tested in dry and wet fields by comparison 
to ET . 




34. Use of obtained data 

These treatment will give a small-scale mapping of instantaneous 
1.30 p.m values of CT for Crau plain (at least short grass surfaces). 

These instantencous values will be converted to daily values 
by following the diurnal course of measured CT in dry and wet reference 
zones or calculated Ep. • 

Daily values will be extended to longer term (8 days or 16 days 
depending upon HCMM data availability) periods 

- by the same extrapolation process as for the diurnal course 
* by using NOAA data when available 

- by using simple water balance model adjusted to the daily obtained 

values of ET. ' 

So that it is expected to get continuous recording of small- 
scale ET and regional ET» from which some specific values may be verified 
by comparison with precise hydrological small scale basin studies. 


•J 
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Annex I 


DAILY VALUES OF DaY-HIGHT SURFACE TEM. DIFFERENCES 


Ts(O-l) 


NORTH 

• ‘^5(12-13) 


aTj, day-night 


• 

• 

SOUTH : 

= Ts(i?-13) 

ATg dny-nlght: 

» 

1 31.2 

16.2 ; 

: 3?. 2 

19.8 ! 

1 33.2 

20.8 ; 

: 37.9 

25.2 : 

; 32.d 

17.8 ; 

: 30.3 

14.5 : 

; 27.9 

15.7 ; 

: 39.3 

25.0 : 

1 43.2 

30.4 ; 

: 21.5 

8.1 : 

• 31.3 

• 

19.7 ; 

: 37.0 

29.3 ! 

* *)«. 
• 

14.0 ; 

: 35.4 

2’. 8 

' 35.1 

• 

19.9 ’ 

• 
• 

: 37.2 

22.0 : 

; 18.7 

0.7 ; 

: 30.3 

17.8 : 

1 33.1 

19.3 ; 

: 29.3 

14.4 ; 

; 32.3 

18.9 ; 

: 35.2 

23.1 : 

; 38.8 

24.8 ; 

t 36.7 

20*5 i 
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Annex II 


» 




EVAPORATION VALUES TOR 12-13 hr TIIH: (in mm.hr *) 


t t 

i * NORTH Sloe t 

: : 
t SOUTH SIDE : 

t r.p : CT : CTj, : 

: Cp : ETp 

• 

! ETtp 


15/7 

0.79 ; 

0.06 ; 

0.52 ; 

0.72 

0. 57 

0.44 


16 ' 

0.68 : 

0.02 : 

0.48 i 

0.61 

0.39 

0.41 


17 

0.76 ! 

0.68 1 

0.45 1 

0.70 

0.52 

: 

0.38 


19 

0.81 ! 

0.85 : 

0.56 

0.68 

• w 

• 

0.37 


20 

0.47 I 

0.46 1 

0.35 i 

0.44 

0.35 

0.30 


21 

0.97 ; 

0.78 : 

0.50 : 

0.66 

• 

0.43 


22 

0.58 ’ 

: 

0.38 J 

0.40 ! 

0.52 

0.29 

0.33 


23 

0.62 : 

0.78 ; 

0.59 : 

0.79 

0.69 

0.50 


24 

0.81 ‘ 
f 

0.79 1 

0.64 1 

o.ei 

0.73 

0.45 


25 

0.12 : 

0.08 : 

0.09 : 

0.10 

0.10 

0.10 


26 

% • 

0.60 ‘ 

0.69 i 

0.43 1 

0.64 

0.51 

0.41 


27 

0.71 : 

0.75 : 

0.53 : 

0.68 

- 

0.3U 


28 

0.25 • 

: 

0.25 * 

• 

0.20 1 

0.24 

0.11 

0.17 


4/8 

0.57 ; 

0.58 

m • 

• 

0.55 

0.49 

- 


5 

0.71 1 

• 

0.67 * 

• 
• 

0. 54 ; 

0.67 

0.60 

0.51 


6 

0.74 t 

0.72 : 

0.58 : 

0.70 

0.62 

0.53 


7 

0.09 j 

0.09 1 

0.05 1 

0.09 

0.10 

0.10 


8 

0.74 : 

0.69 t 

0.55 : 

0.71 1 

0.63 1 

0.64 


9 

0.72 j 

0.67 [ 

0.53 1 

0.69 1 

0.60 1 

0.55 

: 

« 

• 

10 

0.77 t 

0.57 : 

0.54 : 

0.73 t 

0.54 

0.59 

• 

• 

13 

0.70 * 

• 
# 

0.62 * 
• 
• 

0.50 ; 

0.66 ’ 

0.58 

0.51 

: 

• 

14 

0.72 : 

0.65 : 

0.53 : 

0.68 

0.60 

0.51 

• 

• 

15 

0.68 ; 
# 

0.63 ; 

0.55 ; 

0.66 

0.60 

0.50 

• 

# 

• 

16 

0.69 : 

0.65 : 

0.48 : 

0.67 

0.56 

0.41 

• 

• 

• 

17 

0.26 * 
• 
• 

0.21 ; 

0.16 ; 

0.25 

0.16 

0.11 

• 

• 

0 

19 

0.65 

0.65 : 

0.60 : 

0.62 

0.61 

O.DO 

• 

• 

• 

20 

0.10 ; 
• 

0.11 ; 
• 

0.07 ; 

0.10 

0.10 

0.10 

• 

• 


Z. 


72 

0.82 

24 

0.81 

25 

0.12 

26 

0.66 

% • 

27 

0.71 

28 

0.25 

4/8 

0.57 

5 

! 

0.71 

6 

0.74 

7 

0.09 

8 i 

0.74 

9 

0.72 

10 

0.77 

13 

0.70 

14 

0.72 

15 

0.68 

16 

0.69 

17 

0.26 

19 

0.65 

20 

0.10 

21 

0.66 

22 

0.25 

23 

0.70 

24 

0.68 

27 

0.12 

28 

0.42 

29 

0.07 

30 

0.28 

31 

0.55 
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Annex III 


DAILY EVAPORATION VALUES (in tnm.day"^) 




NORTH 

SIDE 

• • 
• • 

SOUTH SIDE 


i/A 1 Id 









Ep 

•-■"e 

^’‘ts 

:: Ep 

* ™ 


ETts 

Ha 

15/7 

7.2 

5.2 

4.3 

0.72 ;! 6.4 

4.2 

4.0 

• 

0.67 

16 

5.3 

4.5 

3.8 

0.85 :: 4.7 

2.9 

3.5 

0.62 

17 

6.9 

5.5 

4.7 

0.80 :: 6.1 

4.5 

4.3 

0.73 

19 

6.8 

6.8 

4.8 

1.0 :: 5.8 

- 

3.6 


20 

4.0 

3.3 

3.1 

0.82 :: 3.7 

3.1 

3.0 

0.83 

21 

8.8 

7.8 

5.3 

0.88 : : 8.0 


5.6 


22 

e.i 

5.7 

5.3 

0.71 :: 7.6 

- 

5.7 


23 

7.0 

6.2 

4.6 

0.88 :: 6.9 

6.0 

4.9 

0.87 

2 M 

6.2 

5.5 

4.9 

0.88 ;; 6.3 

6.0 

4.5 

0.95 

25 

2.5 

2.0 

1.9 

0 . 85 ':: 2.4 

2.1 

2.0 

0.87 

26 

5.4 

4.9 

3.6 

0.91 ;; 5.2 


4.1 


27 ,. 

5.6 

5.0 

4.3 

0.89 :: 5.4 

- 

v 3.8 


28 

2.2 

2.2 

2.0 

1 . 00 .;; 2.1 


2.0 


4/8 

4.5 

4.7 

- 

1.03 :: 4.4 

3.7 

- 

0.84 

5 

5.3 

5.3 

- 

1.00 ;; 5.1 

4.2 

- 

0.82 

6 

5.8 

5.4 

4.8 

0.92 :: 5.6 

4.9 

4.7 

0.88 

7 

1.6 

1.6 

1.2 

1.0 ;; 1.8 

1.8 

1.9 

1 . 00 - 

8 

5.6 

4.5 

4.3 

0.80 :: 5.5 

4.9 

5.4 

0.89 

9 

5.8 

5.2 

4.5 

0.90 •• 5.7 
• • 

4.4 

4.6 

0.77 

10 

6.6 

4.0 

4.5 

0.60 :: 6.2 

4.4 

5.0 

: 0.71 

13 

5.2 

4.3 

4.0 

0.83 ;; 4.9 

4.1 

4.2 

0 . 86 . 

14 

5.3 

4.9 

4.4 

0.92 :: 5.0 

4.3 

4.2 

0.86 

15 

4.7 

4.3 

4.0 

0.91 ;; 4.5 

: 4.0 

3.7 

0.89 

16 

4.6 

4.5 

3.6 

0.97 4.4 

3.4 

3.1 

0.77 

17 

4.8 

3.9 

3.5 

0.81 ;; 4.7 

4.0 

3.1 

0.85 

19 

3.2 

3.1 

2.7 

0.97 3.2 

3.0 

2.9 

0.93 

20 

1.3 

1.3 

1.3 

1.0 ;; 1.3 

1.5 

1.7 

1.15 

21 

4.8 

4.3 

4.0 

0.90 : ; 4.7 

4.1 

4.9 

0.87 

22 

3.8 

3.7 

3.3 

0.97 ;; 3.7 

3.6 

3.7 

0.97 

23 

5.2 

3.8 

3.9 

0.73 :: 4.9 

4.2 

5.4 

0.86 

24 

5.1 

4.2 

3.9 

0.82 4.8 

• • 

4.6 

4.8 

0.96 

27 

1.2 

1.2 

1.0 

;.0 :; 1.2 

1.2 

1.5 

1.00 

28 

3.6 

2.9 

3.3 

0.81 ;; 3.5 

2.9 

4.6 

0.82 

29 

1.7 

1.6 

1.8 

0.94 1.6 

1.6 

2.5 

1.00 

30 

2.9 

2.8 

2.7 

0.96 ;; 2.7 

1.9 

2.8 

0.70 

31 

4.1 

4.1 

3.6 

1.0 3.9 

3.2 

3.4 

0.04 
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Annex IV 


RELATIVi: HUMIDITY AHD SATURATION DEFICIT OF AIR (2 m) 
AND SURFACE (o) FOR MIDDAY PERIOD (12-13 hr) 


■ 




NORTH SIDE 

! : 
: 

SOUTH 

SIDE 


• 


Hr(2 m) 

Hr(o) 


• • 

:F(T^]^-jes::lM2 m) 

Hr(o) 




15/7 

0.48 

0.48 

14.1 

• • • " 
: 24.2 :: 0.50 

0.48 

14.1 

25.0 


16 

0.53 

0.51 

13.9 

; 24.2 ;; 0.97 

0.51 

13.8 

24.5 


17 

0.42 

0.40 

15.2 

; 31.4 0.42 

0.37 

16.4 

31.8 


19 

0.41 

0.48 

19.2 

33.3 ;; 0.50 

0.39 

17.4 

40.3 


70 

0.52 

0.56 

15.4 

20.1 :: 0.55 

0.52 ' 

14.8 

22.6 


21 

0.30 

0.33 

18.9 

25.2 •* 0.36 

• • 

0.36 

18.4 

27.3 


22 

0.39 

0.46 

17.5 

23.7 ;; 0.45 

0.51 

16.1 

17.5 


23 

0.38 

0.45 

21.8 

34.8 ;; 0.37 

0.37 

24.5 

44.8 


24 

0.45 

0.52 

20.9 

31.2 :: 0.40 

0.33 

24.8 

50.0 


25 

0.65 

0.76 

8.2 

5.5 ;; 0.75 

0.93 

6.5 

1.5 


26 

0.42 

0.46 

14.8 

26.2 :: 0.46 

0.46 

14.0 

23.8 


27 

0.33 

0.43 

17.2 

31.5 •• 0.38 

• • 

0.33 

18.3 

42.5 


28 

O.Cl 

0.72 

9.6 

9.2 0.62 

0.65 

9.8 

10.2 


4/8 

0.59 

1.00 

13.1 

0 ;; 0.58 

1.00 

13.2 

0 


5 

0.50 

0.54 

17.5 

26.8 :: 0.50 

0.54 

17.5 

25.6 



0.45 

0.52 

21.2 

29.2 i I 0.46 

0.50 

19.5 

30.3 


; 7 

0.87 

0.80 

3.3 

6.2 :: 0.85 

1.00 

3.2 

0 


8 1 

0.52 

0.54 

14.2 

23.4 ;; 0.54 

0.72 

14.2 

11. C 


9 

0.45 

0.50 

17.9 

27.3 :: 0.52 

0.57 

17.6 

20.2 


10 

: 

0.47 

! 

0.52 

16.8 . 

21.8 ;; 0.50 

0.65 

15.3 

15.2 


13 : 

0.45 : 

0.50 

17.0 

27.3 :: 0.50 

0.56 

15.7 

21.5 


14 1 

0.42 ; 

0.48 

20.4 

29.5 ;; 0.48 

0.54 

18.3 . 

27.7 


15 ! 

0.48 : 

0.57 

20.0 

27.7 :: 0.52 

0.52 

16.8 

33.0 


16 ; 

0.52 ; 

0.50 

18.0 

27.5 ;; 0.54 

0.46 

16.8 

33.0 


IV ; 

« A • 

0.56 : 

0.56 

17.5 

t 

19.7 :: 0.57 

• • • 

0.48 

t 

16.5 

20.0 




i 


t 


0.37 

0.33 


t 


: 24 

; “ 

: 26 

: 27 

t 28 

: 4/8 


j o.sr 

: 0.45 

; 0.65 

• 

f * 0.42 
I 0.33 
: 0.61 
; 0.59 

: 0.50 

I 0.45 
: 0.87 

* A e 


0.52 

0.76 

0.46 

0.43 

0.72 

1.00 

0.54 

0.52 

0.80 


o 




23 .H 

:: 

' 0.72 

14.2 

11.6 

9 

0.45 

0.50 

17.9 

27.3 

: 0.52 

0.57 

17.6 

20.2 

10 

0.47 

0.52 

16.8 . 

21.8 

; 0.50 

0.65 

15.3 

15.2 

13 

0.45 

0.50 

17.0 

27.3 

: 0.50 

0.56 

15.7 

21.5 

14 

0.42 

0.48 

20.4 

29.5 

; 0.48 

0.54 

10.3 . 

27.7 

15 

0.48 

0.57 

20.0 

27.7 

: 0.52 

0.52 

16.8 

33.0 

16 

0.52 

0.50 

18.0 

27.5 

; 0.54 

0.46 

16.8 

33.0 

17 

0.56 

0.56 

17.5 

19.7 

: 0.57 

0.48 

16.5 

20.0 

19 

0.70 

0.75 

13.8 

15.0 

; 0.60 

0.96 

10.8 

6.3 

20 

0.82 

0.82 

3.8 

4.5 

: 0.82 

1.00 

3.5 

0 

21 

0.54 

0.62 

12.0 

16.6 

• 0.57 

• 

0.92 

11.4 

2.5 

22 

0.57 

0.66 

10.7 

10.7 

: 0.60 

0.80 

10.7 

6.0 

23 

0.56 

0.62 

11.0 

13.6 

* 0.60 

• 

0.90 

9.6 

2.3 

24 

0.49 

0.53 

14.2 

23.0 

: 0.53 

0.76 

12.1 

0.7 

27 

0.94 

0.94 

0.4 

0.5 

; 0.94 

1.00 

0.4 

0 

26 

0.64 

0.80 

9.2 

5.6 

: 0.64 

1.00 

7.9 

0 

29 

0.96 

1.00 

0.9 

0 

; 0.94 

1.00 

0.9 

0 

:io 

0.70 

0.82 

6.6 

6.5 

; 0.66 

0.90 

7.4 

.'.4 

31 

0.62 

0.64 

11.5 

17 . 1 

• 0.64 
' • 

• 

• 

• 

0.64 

10.6 



0.40 

0.75 

0.46 

0.38 

0.62 

0.58 

0.50 

0.46 

0.85 


0.93 

* r ■ 

: 0.46 


44.8 
50.0 

1.5 

23.8 

42.5 

10.2 

0 

25.6 
30.3 

0 


# 
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Annex V 


LIST OF VALUES USED IN PAR. 2.7 




.* 

s> 




date 

ET 

(min/day) 

Rn 

(mra/day) 

Ts - Ta 
(12-13 hr: 

ET - Rn:: 
: ( mm/day ) : : 

ETp 

(mm/hr) 

Rn 

(mtn/hr) 

He 

(mm/ hr) 

U 

(m/s) 

f(u) = Y 

X lO"'^ 

lb/7 

5.2 

5.6 

8.2 

• • 

- 0.4 

0.66 

0.85 

0.20 

3.8 

24.9 

16 

4.5 

5.6 

10.3 

- 1-1 :: 

0.62 

0.78 

0.16 

1.9 

15.5 

17 

5.5 

6.9 

10.6 

- 1.4 

0.68 

0.81 

0.13 

2.7 

12.3 

20 

3.3 

3.2 

6.5 

+ 0-1 !! 

0.46 

0.50 

0.04 

1.7 

6.1 

21 

7.8 

5.8 

7.4 

+ 2.0 : ; 

0.70 

0.90 

0.12 

5.8 

16.7 

7.7 

5.7 

5.5 

3« 6 

+ 0.2 •• 
• • 

0.38 

0.53 

0.15 

3.8 

42.0 

73 

6.2 

5.7 

10.6 

t 0.5 :: 

0.78 

0.87 

0.09 

• 

1.6 

8.5 

24 

5.5 

5.6 

9.5 

- 0.1 ;; 

0.79 

0.87 

0.08 

1.4 

8.5 

25 

2.0 

1.4 

1.5 

+0.6 :: 

0.08 

0.10 

0.02 

1.0 

13.2 

27 

5.0 

5.2 

9.7 

- 0.2 ;; 

0.75 

0.77 

0.02 

1.4 

2.1 

23 

2.2 

2.3 

3.5 

- 0.1 :: 

0.25 

0.27 

0.02 

1.6 

5.7 

'»/0 

4.7 

5.1 

9.0 

- 0.4 

0.58 

0.68 

0.10 

0.0 

11.1 

‘j 

5.3, 

5.5 

9.2 

- 0.2 :: 

0.67 

0.77 

0.10 

1.6 

10.8 

c 

5.4 

5.8 

9.0 

- 0.4 ;; 

0.72 

0.79 

0.07 

1.3 

7.8 

7 

1.6 

1.2 

3.3 

+ 0.4 : ; 

0.09 

0.10 

0.01 

1.3 

3.0 

H 

4.5 

5.5 

9.4 

- 1.0 *• 
• • 
• • 

0.69 

0.83 

0.14 

2.2 

14.9 

9 

5.2 

5.5 

8.9 

- 0.3 :: 

0.67 

0.78 

: 0.11 

1.9 

12.4 

10 

4.0 

5.2 

6.6 

- 1.2 

• • 
• § 

0.57 

0.80 

0.23 

3.6 

34.8 

13 

4.3 

4.9 

10.3 

- 0.6 ;; 

0.62 

0.76 

0.14 

2.1 

13.5 

14 

4.9 

5.4 

9.2 

- 0.5 ;; 

0.65 

0.76 

0.11 

1.6 

11.9 

15 

4.3 

4.7 

9.6 

- 0.4 :; 

0.63 

0.74 

0.11 

1.0 

11.4 

17 

3.9 

4.4 

3.3 

- 0.5 

• • 

0.21 

0.22 

0.01 

1.6 

3.0 

19 

3.1 

3.2 

9.8 

- 0.1 :: 

0.65 

0.79 

0.14 

1.0 

14.3 

20 

1.3 

1.4 

2.6 

- 0.1 •• 
• t 
% • 

0.11 

0.12 

0.01 

1.5 

3.9 

21 

4.3 

5.2 

9.2 

- 0.9 ;; 

0.62 

0.78 
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